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SATELLITE ORBITAL DATA 

Orbital Information 

The orbital elements tabulated below have been derived by the indicated staff members 
of the Satellite Tmcking Program, Smithsonian Astrophysical Observatory, employing the 
Differential Orbit Improvement Progmm (DOI) of G. Veis and C. Moore. 

As stated in the Notice of March 7, 1960, the orbital elements are incorrectly given in 
Special Report No. 31 (pages 2 to 7) for Satellites 1958 Alpha, 1958 81, 1958 82, 195862, 
1959 g1,and 1959 a2. These data should be discarded and replaced by the correct elements 
included in the present report. 

As opposed to osculating elements, the elements presented here are mean elements in 
the sense that the effects of the short period perturbations due to the earth's oblateness have been 
eliminated. These elements are called "SA0 mean elements. 

SA0 mean elements have been derived from observations covering seveml days. The 
successive sets of elements are essentially independent of each other. 
however, in the sense that high-order coefficients in the secular and the long-periodic terms 
are generally considered as known and as constant for periods of seveml weeks or months, as 
dictated by convenience. 
days that the orbits may be considered as truly independent. 

They are dependent, 

Genemlly, these terms are sufficiently unimportant over seveml 

The times of epoch in the mean elements are reckoned in Julian Days, but for the sake 
of convenience the number 2400000.5 has been subtmcted in each case to provide an abbreviated 
notation which we call %hdified Julian Days, or "MJD. If 

Unless otherwise stated, the units of the orbital elements are degrees for angular quantities, 
megameten (Mm = 106 meters) for linear quantities, and revolutions for the mean anomaly M 
and its derivatives. 

The tabulated values of the SA0 mean elements give the values of arguments of perigee 
(o), right ascension of the ascending node a), inclination (i) ,  eccentricity (e),  and mean 
anomaly (M) as functions of time t = T - To (where T is the reference epoch) expressed in 
days. 

0 

The same tabulation also gives the mean (anomalistic) motion (n), the orbital accelem- 
tion (nl = dn/dt), 
value represents the standard errer for that element and refers to the last digit given. 

and the semimajor axis (a). The single digit placed at the right of each 

SA0 smoothed elements are derived either by a least-quares f i t  to the mean elements 
or directly by the DO1 for the entire period they cover. These elements are used to obtain an 
approximate ephemeris when the accuracy of the mean elements is not required. 

The elements are given as functions of time and they include in general both secular 
and periodic terms. The general expression for any element "b" is 

Material compiled by D. V. Mechau, Administrative Assistant, Computations 
Division; under the supervision of C. W. Tillinghast, Chief, Computations 
Division; and C. A. Whitney, Chief, Research and Analysis Division. 

Instead of n' sometimes the value of 1/2 nI is tabulated. 
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2 b = bo + blt + b2t + . . . . . + 

where t = T-To is again expressed in days. 

Since very often the effect of the third harmonic of the earth's potential is larger than 
the uncertainty of the elements, this effect may also be included in the form of A sin G, or 
B cosw . 

The mean (anomalistic) motion n can be obtained from the smoothed elements by 
differentiating the expression for M, and the orbital acceleration n' = dn/dt can be obtained 
by twice differentiating the same expression for M. 

We repeat in part a note appearing in Special Report No. 28, page 7, on the orbital 
elements determined by the SA0 Differential Orbit Improvement Progmm : 

The reference plane is defined as the true equator of the date. The 
origin of right ascension is a line shifted from the mean equinox of 
the date by an amount equal to the precession in right ascension be- 
tween 1950.0 and the date. 

Given below is a formula with which values can be obtained to correct the right ascension 
given in the orbital elements, in a right ascension referring to the mean equinox of date: 

$&'(t) = s"(DO1) + 3t.508 x lom5 (MJD - 33281) , 

where DO1 indicates the values determined by the Differential Orbit Improvement Progmm, and 
distributed by the Smithsonian Astrophysical Observatory. MJD indicates the Modified Julian Day 
described above. 
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ORBITAL ELEMENTS FOR JULY AND AUGUST, 1959 

Satellite 1958 Alpha (Explorer I) 

I. SA0 smoothed elements 

The following elements are bused on 222 observations and are valil 
through July 31, 1959. 

Beatrice Miller 

for the period July 1 

To = 3676.0MJD 
0 = 335077 + 6?8797 t - 08428 x t2 - 0218 cos 0 

= 188?030 - 406032 t - 03038 x t2 - 09015 x cosG) 
i = 330243 + 03839 x t + ?1551 x t2 - 0494 x sin(3 
e = .11974 - .1862 x t + . a 7 8  x t2 + .%5 x sin (3 

M = -.86902 + 13.048168 t + .5344 x t2 + .6126 x cos 0 

Standard emr of one observation: ff a 2 43'. 

The following elemenb are based on 75 observationr and are d i d  for the period August 1 
through Augwt 31, 1959. 

To 36800.0wD 
0 = 251t09 + 6t9364 t + ?1454 x t2 - ?218 coaw 

i = 33f232 - ?4384 x t - $3162 x 10- t - t494 x 10'' dnU 
e 
M = .SO36 + 13.085072 t + . 3 9 U  x 

= 3?314 - 4t6291 t - ? a 8 3  x 

= .lis48 - .600 x lo4 t + .1178 x lo" t2 + .465 x 

t2 - ?pi5 x w w  

r i n W  
t2 + .6126 x lom3 cot G) 

Staodord e m  of one olmervationr W =  2 30'. 

Pltimated date of demise: January, 1963. 

If. SA0 mean elements, derived from observations coverinq a period of 6 days, 2 3 daya 

T 
(WD) 

36750. 
36754. 
M758. 
36762. 
367160 
36770. 
3b774. 
3b770. 
36782. 
3b786. 
367908 
36794. 
36798. 
36802. 
36806. 
3bOl0. 

0 

267.51 2 
295.11 6 
322.59 2 
350013 1 
377.64 3 
405.16 8 
432.51 1 
460.0 2 
127.2 1 
154.7 5 
183. 2 
210. 4 
237.7 1 
265.9 2 
293.3 1 
321.16 8 

P 

-125.99 2 
-144.47 2 
-162.142 7 
-101.247 7 
-199.66 1 
-211.07 4 
-236.53 2 
-255.1 2 
86.52 6 

68.12 4 
49.6 1 
31.1 2 
12.54 5 
-6.0 1 
-24.47 2 
-43.02 2 

I 

330220 5 
33.224 7 
33.225 9 
33.224 2 
33.222 3 
33.24 1 
330231 6 
33.23 3 
33.24 2 
33.22 2 
33.25 9 
33.2 3 
33.22 2 
33.34 6 
33.230 5 
33.227 5 

e 

a1172 1 
01170 2 
011bb4 8 
011661 6 
e11667 8 
01170 3 
ell60 1 
-1153 7 
,1159 4 
e1150 0 

0117 3 
-115 7 
-1151 2 
.llM 5 
01144 2 
mll43 1 

-3 - 

M 

a6903 1 
-a1395 2 
-e96345 6 
-22725 5 
.4353 1 

-.33b3 3 
-90978 7 

-e8290 3 
e4462 3 

-e266 2 
e 0 3 3  6 

-e65 1 
-.3193 2 
-.9798 5 
-.6264 3 
-a2613 2 

n 

13.03883 1 
13.04222 1 
13.045753 4 
13.049749 2 
13.054604 3 
13.05938 1 
13.063332 6 
13.06695 8 

13.07043 2 
13.073865 8 
13.07748 4 
13.08042 9 
13.00364 3 
13.08661 6 
13.08974 2 
13.092965 7 

nt 

e5llE-3 7 
e428E-3 6 
.455E-3 2 
e521E-3 2 
m655E-3 2 
.532E-3 8 
-47lE-3 4 
.44E-3 2 
-42E-3 1 
.445E-3 5 
.44E-3 3 
.41E-3 7 
.39E-3 1 
-4OE-3 2 
.397€-3 7 
-416E-3 6 

n 

7.62345 
7.62217 
?ab2090 
7.61091 
7.61707 
7.61580 
7.61388 
7 -6126 1 
7.61133 
7.61005 
7.60878 
7 60750 
7 6062 3 
7.60495 
7.60361 
7.60240 



Satellite 1958 01 (Vanguard I Rocket) Carol A. Martin 

I. S A 0  smoothed elements 

The following elements are based on 240 observations and are valid for the period July 1 
to July 31, 1959. 

To = 36749.0 MJD 
W 

i = 340260 - 07 x s i n u  
e = .u)707 - .2627 x t + .4123 x sin 0 
M = - .go972 + 10.3982t + .96 x 10-5t2 

= 
= 

2730977 + 40156t + ?735 x 10"t2 + 01083 cos (3 

2620051 - 20844t - 0503 x 10"t2 + 00133 cosI) 

Standard error of one observation: tf= 2 3.8'. 

The following elements are based on 158 observations and are valid for the period August 1 
to August 31, 1959. 

To = 36780.0 MJD 
0 a 42?816 + 4?146t + ?735 x + ?lo83 cos(3 
bl a 1730868 - 2840 t  - ?SO3 x + ?0133 cos(3 
i = 34? 272 - ?7  x 10" sin w 
e = .a725 - ,2627 x t + .4123 x loe3 s i n 3  
M = - .55500 + 10.39885t + .96 x 

Standard error of one observation: e= 2 2.4'. 

Estimated date of demise: 2260. 

11. SA0 mean elements, derived from observations covering a period of 8 days, 2 4 days 
from epoch. 

T 
(m) 
36750. 
36754. 
3b758 
361b2. 
367bb. 
36770. 
36774. 
36778. 
36782. 
36786. 

36790. 
36794. 
36198 
36802 
36806.  

36810. 

0 

278.21 2 
294.81 1 
311.444 9 
328008 2 

344.658 2 
361.301 3 
377.88 2 
394.476 7 
51.082 8 

67.680 8 
84.3 1 
100.9 2 
117.33 7 
134.1 1 
150.68 3 
167.0 2 

n 

259e202 8 
247.840 6 
236.454 4 
2250071 6 
2130682 9 
202.323 1 
1900958 8 
179.576 4 
168.210 6 

156.845 6 

145.43 6 
134.09 7 
122.75 3 
111.41 2 
100.00 2 

88.b5 4 

1 

340252 3 
34.250 2 

34.251 2 

34.255 3 
34.253 3 
34.257 6 
34.260 2 
34.260 1 
34.264 1 
34.269 2 
34.33 2 

34.34 2 
34.273 5 
34.274 4 
34.282 6 

34.28 1 

e 

020710 6 
e20702 6 
etOb92 4 
020697 9 
020713 8 
.2011 1 
020716 7 
-20721 4 
*20725 4 
e20726 4 
-2066 2 
-20652 2 
-2064 2 
a2075 5 
02071 1 
-2056 9 

-4- 

M 

. 4 n w  2 
008155 2 

-e32484 1 
-26902 2 

086306 3 
-54250 5 

-e94768 2 

-64741 1 
-24276 1 
e83841 1 

-e5656 2 
e0379 2 

-e3120 3 
-2240 6 
e82142 5 
-4203 8 

n 

i0.39a33 L 
10.39836 1 
10.39844 1 
10.39848 1 
10.39855 2 

10.33867 2 
10.39173 1 
10.39810 1 
10.39888 1 
10.39895 1 
10.39907 8 

10.3991 2 
10.39941 9 
10.39916 6 
10.39932 3 
10.39949 8 

~~~~ - 

8 

8.8b535 
808b533 
8w8b529 
8.86526 
8 8b52 2 

8.8b515 
8 -865 12 
8 86508 
8.86503 
8.8b499 
0.81493 
8.81489 
8 . 8 ~ 7 4  

8.86487 
8 8641 9 
8.81469 



w 
In 
2 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
W d d d d W ~ ~ d d d d d W d d d d d d d d d d d d W d d d  
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Satellite 1958 82 (Vanguard I] Carol A. Martin 

I. SA0 smoothed elements 

The following elements are based on 215 observations and are valid for the period July 1 
to July 31, 1959. 

To = 36749.0 MJD 
0 
& = - 182?327 - 3?032t - ?1486 x + ?0123 c o s d  
i =I 34?236 - ? 7  x lo-’ sin CJ 
e = ,18987 - . lo58  x lO”t + .5698 x sin(*, 
M = - ,69293 + 10.74107t + .92 x lO-5t2 

= 37?078 + 4?431t + ?I9223 x 10-4t2 + ?1214 cosw 

Standard cmr of one observation: @ = 2 4.7’. 

The following elements are based on 134 observations and are valid for the period August 1 
to August 31, 1959. 

To = 36780.0 MJD 
W = 174?010 + 4?421t + ?19223 x + ?1214 c o s 3  
ch = - 2750973 - 3?030t - ?1486 x 10-4t2 + to123 cos(3 
i = 34?244 - 97 x lo-‘ sin G) 

e = ,18966 - . lo58 x 10m5t + .5698 x s i n u  
M = - .71135 + 10.74154t + .45 x 10-5t2 

Standard emr of one observation: @= 

Estimated date of demise: 2160. 

4.7‘. 

11. SA0 mean elements, derived from observations covering a period of 8 days, 2 4 days 
from epoch. 

T 
(m) 

36750. 
36754. 
36758. 
36762. 

’ 36766. 
36770. 
36774. 
36778. 
36782. 
36786. 

36790 

36794. 

36798. 

36802 rn 

36806. 

36810. 

~ ~~ 

0) 

41.611 4 

59.271 4 
76.921 4 
94.592 6 

112.184 9 

129.82 1 
147.444 2 
165.022 1 
192.60 1 
200.518 7 

218.22 2 

235.90 2 

253.57 1 
271.14 5 

288.88 3 

306.54 1 

P 

-185.383 1 

-197.470 1 
-209.572 2 
-221.6b2 3 
-233.757 6 

-245.85 1 
-257.909 2 
-266.101 3 
-282.216 6 
-294.165 3 

-306.251 6 

-310.344 5 

-330.460 6 

-342.69 2 
-354.65 1 

-366.723 4 

1 e 

34.242a 4 . i 8 9 7 3  1 

34.2421 5 . la971 1 
34.243 1 018971 1 
34.239 1 -18973 2 

34.223 2 -18973 4 
34.215 3 -18978 6 

340201 5 018969 8 
34.216 4 e18972 9 
34.246 2 m18970 2 
34.258 2 e18969 2 

340255 3 -18968 3 

34.248 2 e18966 3 

34.239 2 e18969 4 

34.201 5 . l a 9 7  2 
34.261 3 -18955 8 

340244 1 e18991 4 

-6 - 

M 

-04793 1 
a01252 1 
.97739 1 

.942# 2 
-009205 3 
-e12627 5 

e83970 8 
e9b197 9 
075612 1 
e73803 2 

-e29561 5 
-67095 5 

-.36237 3 
-03951 1 
-e42817 7 

-.4bi18 3 

n 

10.741095 4 
10.741179 4 
10.741204 5 
10.741246 7 
10.741365 9 

10.74145 1 

10.74151 2 
10.74142 2 
10.74163 2 
10.74162 2 

10.74157 2 

10.74166 2 

10.74178 3 

10.74206 5 
10.74167 3 

10.74181 1 

n’ 

e099E-4 3 
m073E-4 5 
m114E-4 5 
-149E-4 6 

e095E-4 8 
-06E-4 1 

006E-4 2 
* O B € - 4  2 
e23E-4 1 
e107E-4 7 
*OPE-4 2 

e03E-4  2 

012E-4 2 
.10E-4 4 

e04E-4 2 

.07E-4 1 

a 

8.67568 

8.61563 
8.67562 

8.61560 

8.67553 

8.67549 

8.67545 
8.67546 

8 e6754 1 
8.67540 

8.67543 

8.67536 

8 e6753 1 
8 -675 16 
6.67537 

8.67530 
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n' 

b b 

0 .  
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b 
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FIGURES 1 AND 2. - VARIATIONS IN THE ORBITAL ACCELERATION OF SATELLITES 1958 B1 
AND 02 DURING THE PERIOD JJJLY THROUGH OCTOBER, 1959. TIME GIVEN IN MODIFIED 
JULIAN DAYS. ACTUAL VALUES ARE GIVEN IN TABLES 1 AND 2. 



Satellite 1958 8 2  (Sputnik HI) Yoshihide K a a i  

SA0 smoothed elements 

In the following elements, an underline indicates an assumed value. 

= 1959 July 6.0 U.T. 

i = (65?159+ 25) 
e 
M 

Valid for the period July 1.0 to 12.C. Standard error of one observation: 

= (.06894297) + (5. +,19J x lO"t 
= (.7858+30) + (14.601589tk39) + (1.0241256) x 10-3t2 + (1 .812.27)  x10-'t3 

= 2 15'. 

T, = 1959 July 17.0 U.T. - -  
0- 253?9618 - ?40832t - 921 x 10-'tL 

= (28R287218) - (2?9591t+55) - 5?83 x 

T = 1959 July17.0U.T. 
0' = 253?9618 - ?40832t - 921 x 

= (28R287218) - (2?9591t+55) - 5?83 x 
i = (65?151+12) 
e = (.06916221) - ( .8+1.7) x 10'4t - 2.25 x 1S7t2 
M = (539268238) + (14.628314t+27) + (1.428212) x 10-3t2 -(2.61+.22)  x105t? 

valid far the period July 12.0 to 22.0. Standard error of one Observation: 
U =  +61. 

To u 1959 July 27.0 U.T. - -  
0 -  
c1 
i 
a 
M 

(2490869 2 66) - ?41014t - 9?1 x 
(257?6448 2 70) - (2?9728t 5 28) - 5083 x 10'4t2 
(65? 1518 2 94) 
(.06822+17) - ( .62+.57) x 
(.94870+22)+(14.653206t214) + (1.2047t2+31) - (8 .582 .69)  x 106t3 

- 2.25 x 10-7t2 

Valid far the period July 22.0 to 32.0. Standard error of one observation: 
a = 2 10'. 

To = 1959Aug. 6.0U.T. 

0 
i = (65?1382+51) 
e 
M 

Valid for the period Aug. 1.0 to 11.0. Standard e m r  of one observation: 

= (246?015+54) - ?41196t - 9?l x 10"t2 
= (227?8586+30) - (2?9827t+12) - 5?83 x 10-4t2 

= (.067632264) - (1 .31i .27)  x 104t - 2.25 x 10-7t2 
= (.59723+17) +(14.677086t+8) +(1.2633+16) x 1 0 - ~ t 2 + ( 4 . 1 8 + . 3 1 ) x 1 0 ' 6 t 3  

a = + + I .  - 
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To = 1959Aug. 13.0U.T. 
LD = 243?1268 - 0413234t - 901 x 
0 
i = [6501386+28) 

= (20Z0044+53) - (2?9855zt+78) - 5083 x 10-4t2 

e = i .066559i52j  - 1.341 x 10-4t - 2.25 x 10-7t2 
M = (.399181+17) + (14.694827t24) + (1.24880$+30) - (1.626563) x 10dt3 

Valid for the perid Aug. 11.0 to  18.0. Standard error of one observation: 
Q = 2 7'. 

To = 1959 Aug. 22.0 U. T. 
LD = 23x400 - t41487t - 9 t l  x 

i - (6501214+24) 
e 
M 

Valid for the period Aug. 18.0 to 32.0. Standard e m r  of one observation: 

n = (IEWOW 269)  - (3?0005t+ 13) - 508.3 10-V 

= (.065532+56) - 1.3815 x 10'4t - 2.25 x 10-7t2 
= ( .7596B 2 17) + (14.719O96t 2 4) + (1.3763 2 10) x 

v= 5 6'. Subrtquent to  13 August, observations used were principally from Meudon 
and Jokionien Ob~rvatorier. 

t2 + (1.267 -f 35) x t? 

Dateofdemise: April6, 1960. 

Table 3 shows the nodal periods and their variations ~ & n g  the lifetime of Satellite 1958 8 2. 
The variations are also shown in graphical fcrm in Figure 3. 

In Table 3 the time (T) is counted from 1958.0 in days; the yet#days begin in June, 1958, <md 

P is computed by numerical differentiation of the nodal pasage time derived from fpe SA0 Sub- 

end in March, 1960. The period is in minutes, and P is in days]dcry. P x lo7 is given in place of P. 

satellite Program, except for the months of October and November, 1959. For this period P is com- 
puted by the SA0 DUferential Orbit Improvement Rogmm. 

From the launching time, 15 May 1958, through October 1958, there are not sufficient obser- 
vations in good distribution to derive the value of k at regular intervals of time. There are also sane  
g a p  in the observations from time to  time because of lack of visibility. 

h. P. E. Z d u a i & ~  (see page 24) is now analyzing the data for thir pcdod, and har kindly 
furnished some of hia values already derived for the graph shown in Figure 3. 
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Table 4 gives the perigee distance of Satellite 19586 2 from May, 1958 to March, 1960. 
Time is given in Modified Julian Days. Units are expressed in earth equatorial radii. 

TABLE 4 

PERIGEE DISTANCE OF SATELLITE 1958 62 

T 9 T 9 T 9 

1.0290 36340 1.0338 36605 1.0315 36925 

36400 1.0330 36650 1.0310 36950 1.0288 

36495 1.0325 36770 1.0306 36970 1.0285 

36525 1.0320 36840 1.0301 37000 1.0275 

36550 1.0318 36870 1.0297 

Table 5 gives the relative positions of the sun and of the perigee of Satellite 1958 62 
during the course of its lifetime, CIS computed by Y. K a a i ,  by use of the machine program 
Written by P. E. Zadunaisky (see page 24). The time T is given in Modified Julian Days, 

gee, and C is the correction of perigee height, in kilometers. 
is the geocentric angular distance from the sun to satellite perigee, 7 is the latitude of peri- 

TABLE 5 

RELATIVE POSITIONS OF THE SUN AND THE PERIGEE OF SATELLITE 1958 62 

T 

36280e 
3628Se 
36290e 
362950 
36300e 
36305e 
36310e  
363190 
363260 
363236 
363300 
363350 
363406 
363450 
36350. 
36355e 
363600 
36365 0 

(WD) 
(u 

74e24 
B e l 6  
72 0 02 
70e82  
69e57 
68e27 
66 e 92 
65053 
6 4 0 0 9  
6 2 0 6 0  
61e08 
5 9 0  51 
57091 
5 6 e 2 8  
5 4 e 6 1  
52e90 
51017  
49e41 

a2 

lS2eS7 
190099 
1 2 9 e 3 3  
117e6l 
105e83 
93 e98 
82e07  
7 @ 0 1 0  
58 007  
45 098  
33084 
2 1 0 6 4  
9 038 

357608 
344072 
332031 
3 1 9 0 8 5  
307034 

@ 

115e70 
118e06 
117050 
113e80 
107025 

8 8 e O O  
76054 
64057 
5 2 0 7 4  
42e02 
34022 
32811 
36693 
46e60 
58664 
?le59 
84656 

9ae44 

-14- 

Aa 

211.53 
193049 
I T 5 0 3 7  
137e17 
138688 
1 2 0 e 5 2  
10te08 
83057 
64e98 
46.32 
27e59 

8 6 8 0  

331000 
312.01 
292698 
2Me90 
2 5 4 e t 9  

349.93 

4 

60.817 
60e31 
59069 
59e01 
50e27 
we47 
S6.61 
55e70  
54072 
5 3 e 6 9  
52e60 
51e45 
50026 
49001 
47.72 

# e 9 9  
43 0 57 

3a 

C 

16 e 4  
1 6 e 2  
26.0 
ISe8 
1565 
15.3 
1500 
14.7 
14e3 
1 3 e 9  
13e6 
13.1 
12.7 
12.2 

11 e 9  
10.7 
l e e 2  

(ld 

1 1 b 8  



T 

363766 
36375 e 
36380e 
36385e 
36990a 
36395, 
36400. 
364036 
36410. 
36415a 
36420e 
36425e 
36430e 
36435e 
36440e 
36445e 
3643Oe 
3643Se 
36460a 
36465 e 
36470a 
364’15a 
36480a 
364856 
3649Oe 
36493, 
365OOa 
36503a 
36510e 
36315e 
36520e 
36525a 
36530, 
36535e 
36540e 
36545 e 
36550a 
365S5@ 
36360e 
36565e 
36570e 
365756 
36580e 
36585, 

(MJD) 

TABLE 5 

RELATIVE POSITIONS OF THE SUN AND THE PERIGEE OF SATELLITE 1958 6 2  (Continued) 

u) 

47663 
45682 
43699 
42a 14  
40a27 
38e39 
36 e 49 
34 a 57 
32r65 
30a?2 
28at8  
26a84 
24a90 
22 a 95 

19a06 
l 7 e 1 3  
15619 
13e27 
11a36 
9e46 
f a 3 8  
5a71 
3686 
2e03 
0.22 

359e45 
357652 
335e39 
353665 
351672 
349@?9 
347a86 
345e93 
344e 06 
342e07 
340e14 
338821 
336.20 
334e34 
332e41 
330e47 
328e54 
326e60 

2’1boo 

n 

294679 
282e19 
Z 6 9 e 5 4  
256e86 
244a13 
231e36 
218e55 
2 0 5 e t l  
192e82 
179a91 
166.96 
153.97 
140.95 
127e91 
114.83 
lOle73 

88.60 
7s.44 
62.26 
49.06 
35.83 
22e59 

9.33 
356605 
342e75 
329e43 
3 1 6 e l l  
302a83 
289e51 
276a16 
262e78 
249e37 
235e92 
222e45 
208.94 
195140 

168e23 
154e60 
140e93 
127.24 
113e51 

99e75 
E5e97 

r a i a 8 3  

dr 

96 83 
107a51 
115646 
119e30 
l18e08 
111.92 
lOla88 

89019 
74 a t 5  
59019 
42091 
26036 
l l a l l  
13002 
29.39 
47619 
65.40 
83682 

102639 
1 2 l e 0 7  
139a83 
158665 
177645 
163a55 
144.69 
125a71 
107a43 

88e52 
69665 
50690 
32646 
15a38 
11a34 
27aOl 
44a75 
62.54 
79e90 
96e40 

111e33 
123640 
130e49 
130e45 
123.37 
111e51 

-15- 

AC2 

23Se65 
216451 
197636 
178e23 
159012 
140aOS 
1 2 1 a O l  
10ta03 

83e10 
64e22 
45e41 
26665 

7e94 
3*9e28 
336.67 
312.09 
293e54 
2’3se01 
256049 
237.9’1 
219043 
200a88 
182.30 
163a60 
145eOO 
126a27 
107e90 

89e01 
70aOO 
50687 
31e62 
12e25 

352a74 
333612 
313e37 
293.52 
273e57  
253.53 
233e42 
213e26 
193e06 
172e84 
132e60 
132e3S 

@ 

42.11 
40.61 
39e67 
37.51 
35692 
34630 
32e66 
31.06 
29.32 
21.62 
25.91 
240 19 
22646 
20.72 
18.98 
17.24 
15.50 
13.76 
12e03 
10.30 

8 e 5 8  
6.87 
5e18 
3a50 
l e 8 4  
o a  20 

-Om49 
=2a25 
-4e00 
-5 e 76 

-9e25 
=lleOO 
-12e74 
-14.48 
-16.22 
-17e96 
-19069 
= 2 1 e 4 1  
=23e14 
-24e05 
-26.57 
-28027 
-29e97 

-7.51 

C 

9 e 7  
9.1 
8 e5 
8.0 
7 e 4  
4a8 
6 e 3  
5a7 
5.1 
4.b 
4 e  1 
366 
3.1 
t e t  
263 
1e9 
5a5 
1e2 
0.9 
0e7 
6.5 
0 a 3  
0e2 
0a1 
0.0 

0r0 
oao 
011 
012 
0 e 4  
0.6 
0.8 
1e0 
1e3 
1 e 7  
2e0 
2e4  
2.9 
3e3 
3.8 
4e3  
4.8 
5.4 

. (b) 

0.0 



TABLE 5 

RELATIVE POSITIONS OF THE SUN AND THE PERIGEE OF SATELLITE 1958 6 2 (Continued) 

T 

3 6 5 9 0 0  
36S950  
366OOo 
3 6 6 0 5 0  
3 6 6 1 0 0  
366156 
3 6 6 2 0 0  
3 6 6 2 5 0  
3 6 6 3 0 0  
366356  
366406  

366506  
366556  
3 6 6 6 0 0  
3 6 6 6 5  6 

3 6 6 7 0 0  
3 6 6 7 5 0  
3 6 6 8 6 6  
3 6 6 8 5  0 
3 6 6 9 0 0  
3 6 6 9 5  0 
3 6 7 0 6 0  
3 6 7 0 5 e  
3 6 7 1 6 0  
367156  
367200  
36725  0 

36’33 0 0 

36?35 0 

3 6 7 4 6 0  
3 6 7 4 5  0 

3 6 7 5 6 0  
36tS 5 0 

367600  
3676 5 0 

3 6 7 7 5  0 

367000 
3670 5 6 

36796 0 

367950 
3 6 8 6 6 0  
368050  

(MJD) 

36645 6 

1 3 6 ~ ~ 0 .  

w 

3240 66 
3 2 2 0 7 1  
3 2 0 0 n  
318682  
316687 
3 3 4 0 9 2  
3 ! 2 0 9 6  
3 1 1 6 0 0  
3 0 9 0 6 4  
307667  
305610  
303613  
3 0 1 0 1 5  
299617  
297618 
295619  
293019 
291619 
209618  
287617  
2 6 5 0 1 5  
2 0 3 0 1 3  
280.97 
2 7 8 0 9 1  
216 86  
274681  
272.77 
2 7 0 0 7 3  
268 0 6 9  
2 6 6 0 6 5  
264.62 
262 58 
2 6 0 0  5S 
2 5 8 0 5 1  
256648  
254645 
2 5 2 0 4 1  
250038  
248 3 4  
2 4 6 0 3 0  
2 4 4 0 2 5  
2 4 2 0 2 0  
240015  
238.10 

n 

7 2 0 1 5  
5 8 0 3 0  
44642  
3 0 0 5 1  
1 6 6 5 7  

2 0 6 0  
3 4 8 0 6 0  
3 3 4 0 5 7  
3 2 0 0 5 1  
3 0 6 0 4 2  
2 9 2 6 3 0  
278615  
263697  
2 4 9 0 7 6  
235652  
2 2 1 0 2 5  
2 0 6 0 9 6  
1 9 2 0 6 3  

1 6 3 0 8 9  
1 4 9 0 4 7  
1 3 5 0 0 3  

1 0 6 6 0 7  
9 1 6 5 3  
7 6 0 9 7  
6 2 0 3 9  
4 7 6 8 0  
3 3 0 1 9  
1 8 0 5 5  

3 0 9 0  
3 4 9 0 2 2  
334652  
3 1 9 0 8 0  
3 0 5 0 0 5  
2 9 0 0 2 7  
2 7 5 0 4 7  
2 6 6 0 6 4  
2 4 5 6 7 9  
2 3 0 6 9 0  
2 1 5 0 9 8  
2 0 1 0 0 3  
1 8 6 0 0 5  
171.04  

1 7 8  627 

1 2 0 ~ 6 0  

Ilr 

9 7 6 0 4  
8 1 0 3 5  
6 5 0 3 3  
490 8 6  
3 6 0 5 2  
2 8 0 9 8  
3 1 0 7 8  
4 2 6 8 1  
5 7 0 2 6  
7 2 6 7 3  
8 8 6 1 6  

1 1 5 6 6 5  
1 2 5 0 4 7  
1 3 0 6 3 1  
1 2 9 0 6 8  
123674 
114677 
1046 7 4  

9 5 6 1 6  
8 7 6 3 1  
82632  
8 1 6 0 7  
8 3 6 8 0  
9 0 6 0 7  
9 8 0 9 7  

1 0 9 0 4 3  
1 2 0 0 2 8  

1 3 6 6 9 3  
1 3 8 6 5 4  
1 3 4 0 1 8  
1 2 5 6 4 4  
1 1 4 0 5 3  
1 0 3 6 1 2  

9 2 0 5 2  
8 3 0 9 2  
7 8 0 5 2  
7 7 0 3 2  
8 0 6 6 2  
8 7 6 9 0  
9 8 0 0 9  

109.99  

1 0 2 6 7 7  

1 3 0 6 1 0  

1 2 2 6 2 6  

-16- 

Aa 

112 .11  
9 1 0 8 8  
7 1 0 6 5  
51642  
3 1 0 1 9  
1 0 0 9 5  

3 5 0 0 6 9  
3 3 0 0 3 9  
3 1 0 6 0 3  
289660  
2 6 9 0 0 8  
240645  
2 2 7 6 6 8  
2 0 6 0 7 3  
1 8 5 0 6 5  
1 6 4 0 3 3  
1 4 2 6 1 9  
1 2 0 0 9 9  

98691  
7 6 0 5 3  
5 3 0 8 4  
3 6 0 8 3  

7 0 2 5  
3 4 3 0 5 1  
3 1 9 0 5 0  
2 9 5 0 2 6  
2 7 0 0 8 3  
2 4 6 0 2 8  
221665  
1 9 7 0 0 2  
1 7 2 6 4 6  
1 4 6 0 0 1  
123.73 

9 9 0 6 5  
7 5 0 8 1  
5 2 0 2 1  
2 8 0 8 7  

5 0 7 9  
3 4 2 0 9 5  
3 2 0 0 3 5  
297697  
2 7 5 0 7 9  
2 5 3 0 8 0  
231.97  

@ 

- 3 1 0 6 7  
-33 35 
- 3 5 0 0 3  
- 3 6 0 6 9  
- 3 8 0 3 5  
- 3 9 6 9 9  
- 4 1 0 6 1  
- 4 3 0 2 2  
-44 .82  
-46 0 3 9  
-47 0 9 4  
- 4 9 0 4 6  
- 5 0 0 9 5  
- 5 2 0 4 1  
-53683  
- 5 5 0 2 0  
- 5 6 0 5 2  
- 5 7 0 7 9  
- 5 8 0 9 9  
-6Oa11 
- 6 1 0 1 5  
-62616 
- 6 2 0 9 8  
-63670  
- 6 4 0 2 8  
- 6 4 0 7 2  
- 6 5 0 0 0  
- 6 5 0 1 4  
-65 .11  
-64 0 9 4  
- 6 4 0 6 1  
-640 1 3  
-63052 
-62 0 7 7  
-61691  
- 6 0 0 9 4  
- 5 9 0 0 8  
- 5 8 0 7 2  
- 5 7 0 4 9  
-560 18  
- 5 4 0 8 1  
-53638  
- 5 1 0 9 0  
- 5 0 0 3 8  

C 

5 0 9  
6 0 5  
7 0 1  
7 0 7  
8 0 3  
8 0 9  
9 0 5  

1 0 . 1  
1 0 0 7  
1 1 0 3  
11.0 
1 2 0 4  
1 3 0 0  
1 3 0 5  
1 4 0 0  
1 4 0 5  
1 4 0 9  
1504 
1 5 0 8  
1 6 0 1  
1 6 0 5  
1 6 0 8  
1 7 0 0  
1 7 0 3  
1 7 0 4  
1 7 0 6  
1 7 r 6  
1 7 0 7  
1 7 0 7  
1 7 0 6  
1 7 0 5  
17r4 
1 7 0 2  
1 7 r 0  
1 6 0 7  
16 0 4  
1 6 0 1  
1 5 0 7  
1 5 0 3  
1 4 0 8  
1 4 r 3  
1 3 0 8  
1 ? 0 3  
1 2 0 7  

(h) 



TABLE S 

RELATIVE POSITIONS OF THE SUN AND THE PERIGEE OF SATELLITE 1958 62 (Concluded) 

T 

36810e 
36015e 
368206 
36825e 
368306 
368356 
36840e 
36845 e 
36850e 
36055e 
36860e 
36865e 
36870e 
3 6 8 7 S e  
36880e 
36665e 
36890e 
366956 
369066 
369056 
369106 
369156 
3692 0 e 
369256 
36930e 
369356 
369406 
36945e 
369500  
36955e 
36960e 
369656 
369706 
369736 
36980e 
36985 e 
36990. 
36995 @ 

37000e 
370656 
37010, 
37015e 
37020e 

(WD) 
cu 

236e04 
233e97 
231690 
229e82 
227e74 
225e65 
223e55 
221645 
220e25 
217e90 
215658 
213e29 

208678 
206655 
204e34 
202e15 
199696 
197879 
195061 
193644 
191627 
189409 
186e91 
l646?2 
182e51 
180e29 
1?8605 
173et9 
173e50 
171e19 
168685 
166e41 
164e96 
161e61 
159e11 
156eS6 
153e99 
151e36 
140e67 
1 4 5 e 9 3  
143e12 
140.26 

2 1 1 ~ 0 2  

n 

155e99 
140e91 
125e79 
llCe64 
95e44 
89.21 
64e94 
49.63 
69678 
49 e41 
29e41 
9e95 

356e82 
332605 
313e62 
295e49 
211664 
260605 
242069 
225652 
208653 
191 e69 
l74e97 
158 e34 
141 e77 
125e2S 
108.74 
92e22 
75 a65 
59402 
42 e29 
25e44 

0 e44 
351 e27 
333e90 
316.30 
2 9 8  e44 
280e30 
261 e85 
2 4 3  e07 
223~192 
204e39 
184.44 

dr 

133611 
139e65 
138e62 
1296 8% 
116e24 
100e03 
82152 
64.48 
74e91 
52e17 
30691 
13e58 
29658 
50e01 
71e76 
93 e 27 
113661 
131e20 
142609 
140a56 
l27e89 
110m07 
90e31 
69e94 
49e84 
31e74 
22e33 
31e33 
49673 
76664 
92e45 
114671 
137625 
159e90 
l75e35 
153.50 
130e43 
107e 37 
04662 
6 2 e 8 0  
4 3 e 7 Q  
32e85 
1 8 e 1 0  

-17- 

act 

210e29 
188e73 
lbfe27 
145e89 
124e58 
103e30 

82604 
60e79 
75eb2 
49e17 
23e19 

357e65 
332e48 
3 074 65 
283e12 
250e06 
234682 
210e98 

163e8O 
140e40 
1170 12 

93e93 
?Or82 
47r77 
24e78 
le84 

338e91 
3 1 6 e O O  
293e08  
270e12 
2476 16 
223e99 
200e76  
177e36 
153e77 
129a94 
105e82 
61e38 
5 6 e 5 6  
31631 

5 e 5 8  
339.31 

187~32 

@ 

-48e81 
-47e 20 
- 4 5 e  56 
- 4 3 ~ 8 9  
-42e10 
040145 
-38e69 
=36e91 
-35068 
-33887 
-3le86 

-27e87 
-25190 
-23492 
-2le96 
- 2 0 e O o  
-10e04 
-16e09 
-14a 13 
- 1 2 e  17 
-10121 

-6e24 
-6e21 
-4628 
-2e28 
- 0 e  26 
let7 
3e82 
5e89 

l o e l l  
12e25 
14e43 
16e63 
18e87 
21e 13 
23443 
25e77 
286 14 
30e 54 
32e96 
35.44 

- 2 w ~  

7699 

C 

12.2 
11 e 6  
10e9 
10e3 
9e7 
9e0 
8.4 
7.1 
7.4 
667 
6e0 
563  
4eT 
4e1 
365 
3 6 0  
2e5 
2e1 
166 
1e3 
1e0 
017 
0e4 
0e3 
001 
Q e 6  
o e o  
o e o  
Oel 
012 
0r4 
0e7 
1 e o  
1e3 
1e8 
2 e2 
2 0 8  
364 
4e1 
488 
565 
6e4 
7 e 2  

(Inn) 



Satellite 1959 a1 (Vanguard II) Rajendm C. Nigam 

SA0 smoothed elements 

The following elements are based on 76 observations and are valid from June 26 through 
July 25, 1959. - 36757.53351 W D  

= (49?106+6) - (3?5046+6)t - ?484 x + PO12 cos 
5 = (157?175213) + (5?2662+lO)t + ?728 x 

i = (32983 5 2) - ?006 sinO 
e = (.16535 2 6 )  - .2306 x 
M = (.861224233) + (11.45638823)t + (.2581 2 8 )  x 

Standard error of one observation: V = 2 9.0'. 

t2 + ?14  cos^ 

t + ,424 x loe3 sinb) 

The following elements are based on 85 observations and are valid from July 26 through 
August 25, 1959. 

To = 36788.0 M D  
0 = (3172700 2 20) + (5?2764 2 18) t + ?728 x 10-4 t2 + ?14 cos 4) 
Jb = ( 3 0 2 2 5 7 2 7 )  - (3?5082 +10)t - ?484 x + ?013 cos G) 
i = (32?8742 2) - ?006 sin G) 

e - (. 1 6 5 8  2 3) - ,7874 x lo'' t + .424 x 
M = (.918055241) + (11.457589 + 4 ) t  + (161229)  x 

sin fJ 

standard error of one observation: Q = 2 10'. 

Estimated date of demise: 1986. 
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Satellite 1959 02 (Vanguard II Rocket) Rajendm C. Nigam 

SA0 smoothed elements 

The following elements are based on 98 observations and are valid from June 26 through 
July 25, 1959. 

To = 36755.&723 A4JD 
W = (100?6480+75) + (4?9294+12)t + t766 x 10-4t2 + 0124 cos0 
d& = (86?880+6) - (3?284+l) t  + ?509 x 
i = ( 3 2 9 3 3 5 2 )  - to06 d n O  
e = (.18373+7) - .8802 x loJ,  + .406 x 
M = (.Oa0532+15) +(11.081234+4)t  + (.3175+10) x 104t2 

Standadcrrorofoneobservation: @ = 2 9 , 0 ' .  

+ 2013 cosd 

s i n 0  

The following dements an baed 011 101 observations and are valid from July 26 through 
August 25, 1959. 

To = 36788.0 MJD 
Q = (261?256+16) + (4t9357212)t + ?766 x + ti24 casu 

i = ( 3 2 9 2 1 2 3 )  - ? W 6  dnW 
a = (.18379+5) - .8802 x t + .406 x tino 
M 

Standard e m  of =e ob.trvoti011:U ZE 2 13'. 

Estimated date of h i s e t  1999. 

n (339?970+7) - ( 3 ? 2 8 7 7 + 7 ) t - ? 5 0 9 x 1 O 4 t 2 + t 0 1 3 ~ ~  

= (.665524+28) + (11.082963t2)t + ( .1863+7) x 1 0 d t 2  
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ORBITAL ELEMENTS FOR SATELLITE 1958 GAMMA 

by 

Imre G. 1 

The SA0 smoothed elements for Satellite 1958 Gamma (Explorer 111) were obtained by a 
least-squares fit to the SA0 mean elements. 

As can be seen from Figures 4 and 5, the variations in the mean motion have a very com- 
plicated nature. Different factors are responsible for these ftirregularitiesfl -- the tumbling of the 
satellite, the variation of the height of perigee above the earth-ellipsoid, the variation of the 
geocentric angular distance between the sun and the satellite's perigee, the fluctuations in solar 
activity, and perhaps others. All these variations produce changes in the air drag near perigee. 
At the present time it seems to  be very difficult, if not impossible, to separate these effects. 
Note also that these effects on the mean motion produce indirect perturbations of the elements 
(D , fi and e. Consequently, the long-periodic gravitational effects due to the third harmonic 
in the potential of the earth are completely masked by the variations of atmospheric origin. 
In the table of the SA0 mean elements, values have not been computed for certain epochs. 

Under the circumstances mentioned, the following standard deviations U of the least- 
squares fit represent a measure of indirect atmospheric effects on the elements rather than errors 
in the determination of the elements: 

U(U) = 2 0?49, u(n) = 2 00087, 0 ( i  ) = 2 00033, U( e )  = 000011 . 

Satellite 1958 Gamma [Explorer In) 

I. SA0 smoothed elements 

The following elements are bhsed on 776 observations and are valid for the period March 
29 to June 15, 1958. 

= 1958 May 7.0 U.T. 

= 55073 - 499470t - 1?2040 x 10-'t2 - 09653 x .10-4t3 
2 = 37@3O + 7?3582t + 1?8109 x 10'2t2 + 19088 x 1oe4t3 
0 
i = 330333 - 3?4 x 10-4, 
e = 0.12094 - 1.3160 x lO"t - 5.837 x 
M = 504.86200 + 13.470043t + 1.556036 x 10-2t2 + 5.01826 x 10-'t3 

Date of demise: June 28, 1958. 

Astronomer, Smithsonian Astrophysical Observatory. 
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II. SA0 mean elements, derived from observations covering a period of 5 days, 2.5 days 
from epoch. 

T 
(m) 

3629 1 

36292. 

36293. 

36294. 

36295. 

36296. 

36297. 

36298 rn 

36299. 

36300. 

36301 

36302 
36303- 

36304. 

36305. 

36306. 

36307. 

36308 
36309. 

36310. 

36311. 
36312. 

36313. 

36314. 

36315. 

36316. 

36317. 

36318. 

36319. 

36320 
36321. 

36322. 
36323. 

36324. 

36325. 

36326. 

36327. 

36328. 

36329. 

36330. 

36331. 

36332. 

36333. 

36334. 

m 

104.82 

110.97 

117.56 

124.03 

130.19 

136.66 

143.12 

149.79 

156022 

169.89 

176.20 

182.94 

195.32 

202.73 

209.45 

215.94 

221.84 

229eOO 

235.65 
242.70 

249.71 

256.06 

263.12 

270.53 

277.63 

205.46 

291.337 

298 624 
305.78 

311.73 

319.88 

326.95 

341 -44 
349.04 

355.97 

362.56 

371.27 

370.33 

305.73 

394.23 

n 

233.98 

229.85 

225.67 

221.28 

217.01 

212.63 

208.25 

203084 

199.50 

190.76 

186.28 

181.84 

172.86 

168.40 

163.99 

159.49 
155.00 

150.36 

145.86 
141.21 

136.62 

132004 

127.42 

122074 

118.02 

113.44 
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FIGURE 4. - VARIATIONS IN THE MEAN MOTION OF SATELLITE 1958 GAMMA. 

1 I 1 I I I 1 I 1 

..***. an . 
8 . . 

8 8 

. 8 0 

0 . 0  
8 . . . 8 0 . . . - 0  0 . 0 

* e .  . . . . 
0 

0 

.* 0 .  

n = I 3.470043 +.03 I 12072 t +.0001505479~ t A n  

.os - 

(u .04- 
U P w 
a .OS- 

.oe- 

FIGURE 5. - THE DERNATIVE OF ?HE MEAN MOTION OF SATELLITE 1958 GAMMA AS 
DETERMINED BY THE SA0 DIFFERENTIAL ORBIT IMPROVEMENT PROGRAM, REPRE- 
SENTED BY FILLED CIRCLES. OPEN CIRCLES REPRESENT THE CORRESPONDING 
VALUES OBTAINED BY J. W. SIRY AND PRESENTED AT THE TENTH GENERAL ASSEMBLY 
OF l€iE IAU IN MOSCOW, AUGUST 1958. 

I I I 1 I I 1 I 1 

ii . . . . . 0. 
0.0 . . . 

* .  . 
0 ,p. 0. *.. . ... 

O 0". a '  
e . E * * o  8 8 8  88 09:  

0 0  
0 .  8 0.e 

0 .  

Eo 0 

-23- 



RELATIVE POSITIONS OF THE SUN AND THE PERIGEE 

OF AN ARTIFICIAL SATELLITE 

by 

Pedro E. Zadunaisky 

A correlation between variations of solar activity and variations of atmospheric density, 
derived from the motions of satellites, has been established (Jacchia, 1959; 1960). We have 
therefore written a machine program to compute some of the variables involved. They are 
given in Table 5 as functions of time. 

The time T is reckoned in Julian Days; however, to avoid repetitions, we have subtracted 
from every Julian Date the number 2400000.5, 
ment of perigee, the right ascension of the node, and the inclination of the orbit by the following 
formulas : 

Given an initial date To, we compute the argu- 

w = w0 + w1 T + W ~ T ~  + w3T3 + w4 sin (w5 + W ~ T )  + w7 sin (w8 + WgT) , 

Q =n + nl T + n 2 T  2 + n 3 T  3 + n 4 s i n ( n 5 + n 6 T )  + f i 7 s i n ( G 8 + Q 9 T )  , 
0 

i = io + il T + i2 sin (i3 + i4T) , 

where T = J.D. - To 
The coefficients have been obtained partly by theoretical methods and partly by empirical methods, 
from an analysis of observations by a differential correction process. Then the right ascension u 
and the latitude of perigee 

. 

are computed by known formulas of spherical astronomy. 

Formulas and data given in the American Ephemeris and Nautical Almanac of 1960, page 
498, are used to compute the true longitude of the sun, referred to the mean equinox of the epoch, 
and the mean obliquity of the ecliptic. Next, we compute the right ascension of the sun, to which 
a constant D (given in advance) can be added to allow for a possible delay of the solar effect on the 
atmospheric density. Then we compute @, the geocentric angular distance from the sun to the satel- 
lite's perigee, and Aa, the difference in right ascension between perigee and sun; these quantities, 
of course, will be affected by the correction D introduced in the right ascension of the sun and their 
true values should be obtained when D = 0. 
the earth is known, the height of perigee above the International Ellipsoid of Reference is obtained 
by subtracting the equatorial radius (6378.388 km) and adding the correction C (km) computed by 
the formula 

Finally, i f  the distance from perigee to the center of 

C(km) = 21.476 sin2 $ 

All angular measurements are in degrees, and C (km) is in kilometers. 

Astronomer, Smithsonian Astrophysical Observatory. 
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CORRECTIONS FOR SPECIAL REPORT NO. 28 

Special Report No. 28 contained errors to be corrected as follows: 

Page 5, last line, instead of W a y  26'1 read "April 26"; 

Page 6 ,  last line, instead of 9 l a y  26" read "April 26"; 

h g e  7, line 13, instead of It i kmll read 2 5 km." 

I 
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